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“ …to integrate modern computing and information 
technology with molecular biology to improve 
Agency prioritization of data requirements and risk  
assessment of chemicals”

www.epa.gov/ncct
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Current Approach for Toxicity Testing

Cancer

ReproTox

DevTox

NeuroTox

PulmonaryTox

ImmunoTox

in vivo testing

$Millions



3Office of Research and Development
National Center for Computational Toxicology

Too Many Chemicals Too High a Cost
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Putting Numbers on the Problem
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Future of Toxicity Testing
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EPAs Contribution:  The ToxCast Research Program

www.epa.gov/ncct/toxcast
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The Tox21 Consortium

National Center for Computational Toxicology

Biomolecular Screening Branch Toxicology Project Team

Tox21
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Implications for Success

•Hazard Identification
•Closing Data Gaps
•Reductions in Cost
•Hypothesis Generation
•Reduced Animal Usage

•Risk Assessment
•Providing MOA(s)
•Targeted Testing 
•Identifying Susceptible Populations

•Ancillary Applications
•Mixtures
•Chirals
•Nanomaterials
•Lot variations
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Key Challenges

•Find the Toxicity Pathways
•Hepato vs developmental

•Obtain HTS Assays for Them
• Including metabolic capability

•Screen Chemical Libraries
• Coverage of p-chem properties

•Link Results to in vivo Effects
• Gold standard and dosimetry
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Phased Development of ToxCast 

FY09$15-20k>400Validation
Data Rich 
Chemicals>300IIa

FY09$15-20k>400ExtrapolationKnown Human 
Toxicants

>100IIb

???

>400

>400

Number of 
Assays

Data poor

Expanded 
Structure and Use 

Diversity

Data Rich
(pesticides)

Chemical 
Criteria

FY11-12

FY10

FY07-08

Target
Date

$10-15k

$15-20k

$20k

Cost per 
Chemical

Prediction and 
Prioritization

Extension

Signature 
Development

PurposeNumber of 
Chemicals

Phase

ThousandsIII

>300IIc

320I

�Affordable science-based system for categorizing chemicals
�Increasing confidence as database grows 
�Identifies potential mechanisms of action
�Refines and reduces animal use for hazard ID and risk assessment
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$400 Million Dollars Worth of In Vivo Chronic/Cancer 
Bioassay Effects and Endpoints 
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Evolution of Phase I

• ToxCast 1.0 (April, 2007)
– Enzyme inhibition/receptor binding HTS (Novascreen)
– NR/transcription factors (Attagene, NCGC)
– Cellular impedance (ACEA)
– Complex cell interactions (BioSeek)
– Hepatocelluar HCS (Cellumen)
– Hepatic, renal and airway cytotoxicity (IVAL)
– In vitro hepatogenomics (IVAL, Expression Analysis)
– Zebrafish developmental toxicity (Phylonix)

• ToxCast 1.1 (January, 2008)
– Neurite outgrowth HCS (NHEERL)
– Cell proliferation (NHEERL)
– Zebrafish developmental toxicity (NHEERL)

• ToxCast 1.2 (March, 2008)
– Organ culture: liver, kidney, lung (Hamner Institutes)
– HTS Genotoxicity (Gentronix)
– Toxicity and signaling pathways (Invitrogen)
– NR Activation and translocation (CellzDirect)
– 3D Cellular microarray with metabolism (Solidus)
– C. elegans (NIEHS)
– Functional markers from microscale cultured hepatocytes (MIT)

+7 Assay Sources
& 123 Endpoints

+3 Assay Sources
& 16 Endpoints

9 Assay Sources
& 412 Endpoints

19 Assay Sources, 551 Endpoints
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HTS Data from 
receptor binding 
(Novascreen), single 
gene reporter (NCGC)  
response element 
activation (Attagene) 
for the proposed 
Endocrine Disruptor 
Screening Program 
Priority Chemicals 
contained in the 
ToxCast 320

ToxCast Endocrine Profiling

Estrogen Androgen

Vinclozolin

BPA

(single concentration only for binding and transcription factors)
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ToxCast Website: www.epa.gov/ncct/toxcast
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Summary
• The international community needs better predictive 
tools for assessing the hazards and risks of chemicals

• It is technically feasible to collect bioactivity data on 
virtually all chemicals of potential concern

• ToxCast is providing a proof of concept for obtaining 
predictive, broad-based spectra of bioactivity 

• A critical need remains the elucidation of the majority of 
key biological processes involved in toxic responses

• Developmental toxicity represents one of the greatest 
challenges in this regard

• The time is right to rapidly this field along


